Tank-binding kinase (TBK)1 plays a central role in innate immunity: it serves as an integrator of multiple signals induced by receptormediated pathogen detection and as a modulator of IFN levels. Efforts to better understand the biology of this key immunological factor have intensified recently as growing evidence implicates aberrant TBK1 activity in a variety of autoimmune diseases and cancers. Nevertheless, key molecular details of TBK1 regulation and substrate selection remain unanswered. Here, structures of phosphorylated and unphosphorylated human TBK1 kinase and ubiquitin-like domains, combined with biochemical studies, indicate a molecular mechanism of activation via transautophosphorylation. These TBK1 structures are consistent with the tripartite architecture observed recently for the related kinase IKKβ, but domain contributions toward target recognition appear to differ for the two enzymes. In particular, both TBK1 autoactivation and substrate specificity are likely driven by signal-dependent colocalization events. Phosphorylation promotes the dimerization and nuclear translocation of these transcription factors that stimulate production of type I interferons (IFNs) (1, 3, 5) . Recent studies have identified an additional role for TBK1 in the xenophagic elimination of bacteria (6-9) and better-defined how cross-talk within the IKK family regulates innate immune response (10).
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kinase activation | crystallography I nvading bacteria and viruses possess distinct molecular signatures that are recognized by conserved host receptors, thereby triggering the assembly of signaling complexes that activate the inhibitor of κB kinase (IKK) family of kinases (1) (2) (3) . The canonical IKKs (IKKα and IKKβ) in turn induce NF-κB-dependent gene transcription via phosphorylation of the inhibitory κBα (IκBα) protein. This modification marks IκBα for K48-linked polyubiquitination and subsequent proteasomal degradation, resulting in the release of free NF-κB to up-regulate expression of proinflammatory cytokines (4) . By contrast, activated IKK-related kinases [Tank-binding kinase (TBK) 1 and IKKε] directly phosphorylate IFN regulatory factors 3 and 7 (IRF3 and IRF7). Phosphorylation promotes the dimerization and nuclear translocation of these transcription factors that stimulate production of type I interferons (IFNs) (1, 3, 5) . Recent studies have identified an additional role for TBK1 in the xenophagic elimination of bacteria (6) (7) (8) (9) and better-defined how cross-talk within the IKK family regulates innate immune response (10) .
Under pathological conditions, IKK-mediated pathways can also be activated inappropriately by endogenous signals, contributing to inflammatory disorders and oncogenesis (11, 12) . Whereas canonical IKKs have long been recognized as bridges between chronic inflammation and cancer, IKK-related kinases more recently have also been implicated in cell transformation and tumor progression (13) . TBK1 has been of particular interest, given its identification both as an activator of the oncogenic AKT kinase (14) (15) (16) (17) (18) and as an essential factor in KRAS-driven cancers (19) . TBK1 activity is regulated by phosphorylation on S172 within the classical kinase activation loop. Serine-to-alanine substitution at this position abolishes TBK1 activity, whereas the phosphomimetic mutation S172E partially restores activity to within ∼200-fold of the wild-type kinase (20) . Genetic and pharmacological inhibition studies have indicated that TBK1 can be activated by IKKβ, as well as by apparent autophosphorylation (10) . Additional posttranslational modifications of TBK1 lysine residues by K63-linked polyubiquitin chains have been shown to promote production of IFNs in viral infections (21) .
TBK1 contains a predicted ubiquitin-like domain (ULD) (22) that is located between the N-terminal kinase domain (KD) and the C-terminal scaffolding/dimerization domain (SDD), a domain arrangement that appears to be shared among the IKK family of kinases (3) . Deletion or mutation of the ULD in TBK1 or IKKε severely impairs kinase activation and substrate phosphorylation in cells (22, 23) . Furthermore, the integrity of the ULD in IKKβ is not only required for kinase activity (24) but was shown also to confer substrate specificity in conjunction with the adjacent SDD (25) . Recent crystal structures of the IKKβ homodimer demonstrate that the ULD and SDD form a joint, three-way interface with the KD within each protomer of the dimer, suggesting that the ULD and SDD serve to buttress the KD as well as to contribute additional binding surfaces that properly orient substrates (25) .
Here we report the crystal structure of the kinase and ubiquitin-like domains (KU) of TBK1 in complex with a potent smallmolecule inhibitor, BX795. This structure unexpectedly reveals an activation loop-swapped TBK1 conformation: S172 from one protomer is located in close proximity to the active site of the neighboring protomer, providing a snapshot of a potential transautoactivation reaction intermediate. Biochemical analyses further demonstrate that the kinase domain alone is sufficient to fully autoactivate and is capable of phosphorylating both macromolecular and peptide substrates. A high-resolution structure of monophosphorylated TBK1 KD reveals that S172 phosphorylation reorganizes the activation segment into a conventional configuration that is compatible with polypeptide substrate binding. Taken together, these results offer insights into the structural basis of TBK1 transautophosphorylation, highlight the structural transitions accompanying TBK1 activation, and support a model in which TBK1 recruitment to discrete signaling complexes induces TBK1 activation through proximity.
Results

Domain Organization of TBK1 Is Consistent with the IKKβ Tripartite
Architecture. To understand how the KD and ULD are organized within TBK1, we crystallized a fragment of human TBK1 containing both domains and a catalytic residue mutation (KU D135N ; residues Q2-E385) in the presence of an inhibitor, BX795 (26, 27) . The structure was solved to 2.6-Å resolution by singlewavelength anomalous dispersion using a selenomethioninesubstituted sample ( Fig. S1A and Table S1 ). Both molecules in the asymmetric unit demonstrate a tandem arrangement of the kinase and ubiquitin-like domains, which possess the typical bilobe kinase and ubiquitin folds, respectively (Fig. 1A) . In this configuration, the ULD abuts the C-terminal lobe (C lobe) of the KD. The conventional hydrophobic surface patch of the ULD, which often serves as a protein-protein interaction surface in the case of ubiquitin, faces away from the kinase domain.
A very similar domain organization is observed for IKKβ (25) . Superposition of the TBK1 KU D135N fragment onto the fulllength IKKβ structure (via alignment of the kinase domains) appears to poise both TBK1 domains for interaction with the SDD (Fig. 1B) . Residues identified in the KD-SDD and ULD-SDD interfaces of the IKKβ structure show moderate conservation across IKK-family members and map to comparable surfaces of the TBK1 KU D135N fragment structure (Fig. 1B and Fig. S2) ; however, the orientation of the ULD relative to the KD differs slightly in the two kinase structures (Fig. 1A, Inset) . In the fulllength IKKβ structure, an ∼30°rotation in the IKKβ ULD relative to that of TBK1 allows the IKKβ ULD's hydrophobic patch to bind to the adjacent SDD (Fig. S3 A and B) . Similarly, an insertion into the KD fold specific to IKK-family members (residues 241-265 in TBK1) also appears to rearrange in the presence of the SDD (Fig. S3 C and D) . Despite these minor differences, the TBK1 KU D135N fragment structure appears to be compatible with the tripartite domain arrangement observed for full-length IKKβ.
TBK1 KU D135N Structure Adopts an Activation Loop-Swapped Conformation. Although the KD of the TBK1 KU D135N structure generally assumes the typical kinase fold, the activation segment adopts a unique conformation in this unphosphorylated crystal form. Residues encompassing the entire activation loop (L164-G199) surprisingly extend away from the kinase core of each KU D135N molecule in the asymmetric unit and associate intimately with the C lobe of the neighboring KU D135N molecule ( Fig. 2A) . Whereas residues 191-192 and 192-198 are disordered in molecules A and B, respectively, the electron density over the exchanged region is very clear from L164-R191 in both protomers, supporting the domain-swap interpretation (Fig. S1B) .
The fully formed α-helix at the activation-loop C terminus (αEF) docks onto a surface cleft between two α-helices from the opposite protomer via the HPD tripeptide motif (canonically the "APE" motif). The placement of this motif on the C lobe, albeit in trans, mirrors intramolecular interactions typically observed in active kinase structures. Moreover, the KU D135N structure demonstrates several other features that are characteristic of active kinases ( Fig. S4A) .
At the activation-segment N terminus, a helix forms between D167 and L173 (αAL). Superposition of the activation loop-exchanged KU D13N structure with the protein kinase A (PKA)-peptide inhibitor complex structure (28) (based on alignment of the kinase domains) reveals that the P+1, +2, and +3 sites inferred from the PKA complex (where P0 is the site of modification) are occupied by the αAL-helix of the neighboring protomer in the TBK1 structure (Fig. S4B) . Thus, although the unphosphorylated KU D135N structure is endowed with many active kinase traits, the domain-swapped form is not compatible with substrate binding and, therefore, would not act on a polypeptide substrate. However, S172, located in the αAL of the exchanged TBK1 activation loop, is only 6 Å away from the P0 site of the PKA substrate and less than 11 Å from the catalytic D135 residue. Elevated temperature factors in the αAL-helix underscore the dynamic nature of the TBK1 activation loop (Fig. S4C ) and suggest that a local reorganization of this region, which would allow phosphotransfer to S172, may be plausible.
The extended interface created by this KU D135N loop swapping is comparable in size and composition to bona fide protein-protein complexes, burying 2,570 Å 2 of surface area per molecule. However, despite this extensive interaction surface, KU D135N was found to be monomeric in solution (Fig. 2B ). KU D135N , and a shorter construct containing just the kinase domain (KD D135N ; Q2-R308), both behaved as monomers by size-exclusion chromatography (SEC). By contrast, full-length TBK1 (FL D135N ; Q2-L729) containing the C-terminal SDD eluted as a dimer. Multiangle light scattering (MALS) confirmed the dimeric or monomeric status of each sample. Thus, the activation loop-swapped interactions in the KU D135N structure do not appear to mediate formation of stable dimers, but may instead constitute more transient self-associations.
TBK1 Can Catalyze Autophosphorylation in Trans. To probe whether the placement of the activation loop within the substrate-binding cleft of the KU D135N protomers observed in the structure could also occur in solution, we tested whether active TBK1 could catalyze S172 phosphorylation. To this end, we expressed and purified three distinct TBK1 constructs that each contained the wild-type aspartic acid residue at position 135: FL WT , KU WT , and KD WT . Each of these TBK1 constructs used the same domain boundaries as their equivalent D135N variant (FL D135N , KU D135N , KD D135N ) and showed similar SEC elution profiles as their "kinase-dead" counterparts ( Fig. S5 A and B) .
FL WT , KU WT , and KD WT stocks treated with ATP before SDS/ PAGE separation displayed a marked increase in S172 phosphorylation by anti-pS172 immunoblotting compared with stocks incubated without ATP (Fig. 3A) . Quantitation of these samples by LC-MS revealed that ∼6% of the purified FL WT stock contained pS172, whereas ∼98% was phosphorylated after a 20-min incubation with ATP (Fig. 3B ). By comparison, purified KU WT and KD WT stocks were ∼32% S172-phosphorylated and also achieved near-complete modification after the same ATP treatment (Fig. 3B, Inset) .
To determine whether TBK1 autophosphorylation could occur in trans, active TBK1 constructs were added to the purified A B D135N mutants and pS172 status was monitored by immunoblotting (Fig. 3C) . The kinase-dead D135N variants, which showed negligible activity against a commercial peptide substrate ( Fig. S5C) , were unable to mediate S172 phosphorylation, whereas strong pS172 signal was observed upon the addition of preactivated FL WT , KU WT , or KD WT . While transphosphorylation with prephosphorylated wild-type TBK1 constructs occurred rapidly, equivalent reactions using fully dephosphorylated KU WT showed a substantial lag phase in the kinetics of KD D135N (and KU WT ) S172 modification (Fig. 3D) . Similar reactions using a KU variant that cannot be activated by phosphorylation (KU S172A ; Fig. S5C ) were even further retarded, with transphosphorylation of KU D135N only observable at longer time points (Fig. 3D ). Further comparisons of prephosphorylated and dephosphorylated KU WT activities using a commercial peptide substrate recapitulated the lag-phase behavior observed for transphosphorylation by pS172 immunoblotting; however, the lag was shortened with increasing concentrations of dephosphorylated kinase (Fig. S6) .
Structure of the S172-Phosphorylated TBK1 KD. To understand the structural changes that accompany TBK1 activation, we phosphorylated TBK1 KD D135N in vitro using activated FL WT and determined the crystal structure of the monophosphorylated KD D135N , again bound to BX795, to a resolution of 1.8 Å using molecular replacement (Figs. S1C and S7 A-C and Table S1 ). The unphosphorylated and phosphorylated TBK1 KD structures, excluding the activation loops, can be superimposed with an rms deviation of 0.58 Å (for 270 Cα atoms). By contrast, the activation loop undergoes a dramatic conformational change upon phosphorylation ( Fig. 4 A and B) . In the monophosphorylated KD D135N structure, the well-ordered pS172 docks onto its own kinase domain, shifting 18 Å from its position in the loop-swapped KU D135N structure to form a network of intramolecular contacts (Fig. S7D) . The substantial refolding of the activation loop is hinged at residues L164 and G199, with remarkably few phosphorylationinduced conformational changes in the TBK1 KD outside this region (Fig. 4 A and B) . All of the other structural features indicative of an active conformation present in unphosphorylated TBK1 KU D135N are preserved in the pS172-KD D135N structure; however, the HPD motif is now docked onto the KD in an intramolecular interface. More importantly, the backbone of the P+1 binding pocket now adopts a similar contour as PKA in the PKA-peptide inhibitor complex, and thus appears competent to bind polypeptide substrate. Closer inspection of the site suggests that TBK1 would strongly favor a hydrophobic residue at the P+1 position ( Fig. S7 E and F). A B 
Determinants of TBK1 Catalytic Activity and Substrate Recognition
Appear to Be Confined to the Kinase Domain. To assess domain contributions to TBK1 kinase activity, the ability of each active construct to phosphorylate putative peptide substrates was evaluated. Here, activated FL WT , KU WT , and KD WT stocks were each incubated with a panel of biotinylated peptide substrates, including a peptide encompassing the S172 activation site, in the presence of 32 P-labeled ATP. Reaction mixtures were blotted onto a streptavidin membrane, and peptide phosphorylation was visualized by autoradiography (Fig. 5) . The activation-loop peptide displayed robust phosphorylation signal that exceeded that of peptides containing established IRF3 or AKT modification sites (15, 29) . In accordance with previous studies using this methodology, the TBK1 constructs were also active against a peptide sequence originating from the Dead-box helicase DDX3X (30); however, they did not mediate phosphorylation of the negative control peptide, GSK3-like. Conversely, the AKT control showed no discernable modification of the TBK1-, IRF3-, or AKT-derived peptides, but did phosphorylate its proven GSK3-like peptide substrate (31) . Finally, all TBK1 constructs showed comparable activities across a given substrate, and no phosphorylation was detected in the absence of kinase. TBK1-catalyzed phosphorylation of recombinant IRF3 and AKT protein substrates, as evaluated by phospho-specific immunoblotting and LC-MS, gave similar results (Fig. S8) .
Additionally, full enzymatic profiles were generated for each of the active TBK1 constructs using IRF3 as the substrate (Fig. 6) . Fits of the data to the Michaelis-Menten equation yielded the enzymatic parameters V max and K m for each variant. Loss of the SDD alone, or in combination with the ULD, essentially had no effect on IRF3 binding, as K m values for KU WT and KD WT were within experimental error of the K m of FL WT . The truncated variants also displayed only minor differences in V max compared with the full-length kinase. In agreement with this detailed kinetic evaluation, FL WT , KU WT , and KD WT also displayed comparable activities toward a commercial peptide substrate over a wide range of kinase concentrations (Fig. S9) . Importantly, all comparisons of TBK1 constructs with IRF3, AKT, and peptide substrates were performed using TBK1 stocks that were preactivated with ATP, so as to remove TBK1 autophosphorylation events from the analyses.
Discussion
Although both the sheer number and complexity of TBK1-mediated signaling pathways appear to increase with continued research (21, 23) , a clear understanding of the molecular determinants of TBK1 activation and substrate specificity has not been achieved. To address this issue, we sought to evaluate how the discrete domains within TBK1 contribute to the global architecture and enzymatic activity of the kinase using a panel of purified, recombinant TBK1 constructs.
In our studies, all wild-type TBK1 constructs were found to autoactivate in the presence of ATP and could act in trans to phosphorylate kinase-dead D135N variants. Further analysis of TBK1 autoactivation revealed a substantial lag phase in TBK1 activation kinetics when the TBK1 starting material was dephosphorylated; however, this slow phase could be shortened by increasing the concentration of dephosphorylated TBK1, or abolished by prephosphorylating the wild-type TBK1 variant in the reaction. Finally, transphosphorylation reactions catalyzed by an S172A variant, which itself cannot be activated, demonstrated very slow TBK1 D135N phosphorylation kinetics. Taken together, these data indicate a biphasic reaction pathway for TBK1 autophosphorylation consisting of an initial phase with slow kinetics followed by a second phase characterized by rapid kinetics. We propose that the activation loop-swapped conformation observed in the KU D135N structure likely constitutes a meaningful self-activation intermediate for the slow, initial phase of TBK1 autophosphorylation.
Indeed, activation-segment swapping has also been observed in crystal structures from other kinase families (e.g., DAP3K, SLK, LOK, and CHK2), where transient dimerization facilitates transautophosphorylation despite the fact that the activation segments constitute non-consensus-site sequences for these kinases (32) (33) (34) . In each loop-swapped kinase structure, the αEF-helix from the neighboring molecule is anchored to the C lobe via the APE motif (HPD in TBK1) at the C terminus of the activation loop, and the residue targeted for phosphorylation is in close proximity to the catalytic aspartate residue. Analytical ultracentrifugation and cross-linking studies have confirmed the presence of minor dimer populations for the majority of these kinases; however, the transient nature of these interactions is reflected in the predominantly monomeric behavior of these proteins in solution (32) (33) (34) . In the case of TBK1, no such association was observed in solution even at 100 μM kinase. As prolonged dimerization via the activation loops would exclude binding and phosphorylation of other substrates, it is perhaps not surprising that these self-interactions are relatively short-lived.
A B Fig. 4 . Conformation of the TBK1 activation loop changes upon S172 modification. Comparison of the (A) unphosphorylated KU D135N and (B) monophosphorylated KD D135N kinase domain structures reveals a dramatic reorganization of the activation loop (residues 160-180; orange) upon S172 phosphorylation (spheres). The HPD motif switches from an intermolecular to an intramolecular docking state in the presence of pS172, whereas the position of the DFG motif remains unchanged. TBK1  IRF3  IRF3  IRF3  AKT  AKT  AKT  AKT  DDX3X  GSK3-like   DDEQFVS172LYGTEE  RVGGASS386LENTVD  DLHIS396NS398HPLSLT  HPLS402LT404S405DQYKA  KDEVAHT195LTENRV  DGATMKT308FCGTPE  LGPEAKS378LLSGLL  PHFPQFS473YSASST Furthermore, once phosphorylated, the TBK1 activation loop completely reorganizes, with pS172 making a number of intramolecular contacts with the kinase domain. Such highly coordinated interactions likely reduce the mobility of the loop compared with its unmodified state and can only be achieved by a phosphorylated residue, perhaps explaining why the TBK1 S172E phosphomimetic mutant shows decreased activity compared with the wild-type enzyme (20) . The conformational change nucleated by the phosphorylation of S172 further propagates to the rest of the activation loop, resulting in intramolecular docking of the HPD motif onto the kinase C lobe and completion of the P+1 pocket, thus providing the full complement of interactions required to facilitate phosphotransfer to polypeptide substrates (23, 35) . Accordingly, pS172-activated TBK1 can quickly catalyze the modification of other TBK1 molecules, likely constituting the second rapid phase observed in TBK1 autoactivation reactions. In this regard, TBK1 differs from the other loop-swapped kinases discussed as it readily phosphorylates its activation-segment sequence as a classical substrate, not just when presented as an activation loop-swapped substrate.
Although previous domain deletion/truncation studies indicated that TBK1 kinase activity was dependent on the presence of both the ULD and SDD (22, 23) , we found that purified KU WT and KD WT were active kinases. Whereas the shorter constructs were less stable than FL TBK1 (Fig. S5D) , the TBK1 variants all showed comparable activities in the context of both macromolecular and peptide substrates, indicating that the SDD and ULD domains do not strongly influence the catalysis or substrate specificity of purified TBK1 in vitro. Instead, these features appear to be maintained wholly within the KD of TBK1, a result that is in opposition to previous studies with IKK-family kinases (22) (23) (24) (25) . For IKKα, IKKβ, and IKKε, this may simply reflect differential domain functionalities that evolved in addition to their apparent common structural roles. In the case of TBK1, one possible explanation for this disparity is our finding that production of wellbehaved KD WT and KU WT fragments required coexpression of a phosphatase enzyme, seemingly to limit autophosphorylation and activity during overexpression and purification.
Although the TBK1 SDD did not impact substrate specificity, as was observed for IKKβ, it did maintain a similar structural role in mediating dimerization. Indeed, our results suggest that TBK1 likely adopts the same overall tripartite architecture observed for protomers in the full-length IKKβ dimer, although the exact fold of the TBK1 SDD and the molecular details of the protomer and dimer assembly surfaces likely differ given the sequence divergence in the SDD domains of these two kinases. Certainly, differential sequence conservation of SDD-SDD dimerization residues (as defined by the IKKβ structure) in the canonical IKKs versus the IKK-related kinases appears to segregate the two subfamilies, consistent with established homodimer and heterodimer pairings within the family (23, 36) .
Placement of the observed TBK1 KU D135N activation-loop interactions in the context of a full-length, IKKβ-like dimer supports a model of TBK1 transautoactivation in which phosphorylation across two separate dimers is possible but phosphorylation of protomers within a dimer pair is prohibited. As demonstrated by the IKKβ structure, protomer dimerization would place the TBK1 kinase active sites on opposite faces of the molecule, making it unlikely for activation to occur within the dimer (Fig.  7A) . Instead, we hypothesize that transautoactivation occurs when multiple TBK1 dimers are recruited to signaling complexes, thus enabling activation-loop swapping of locally clustered TBK1 molecules that results in S172 phosphorylation (Fig. 7B) (23) . In this manner, dimeric TBK1 is maintained in an inactive state until recruited to a signaling platform where it can undergo autoactivation due to high local concentration or activation via a different effector kinase that has been localized to the same molecular scaffold. Consistent with this model of TBK1 regulation, KD WT and KU WT constructs accrued much higher levels of S172 phosphorylation during expression/purification than FL WT TBK1, despite the fact that these shorter constructs were coexpressed with a phosphatase enzyme to limit their phosphorylation and displayed overall lower expression levels than FL WT . In a similar vein, recent studies found that overexpression of scaffolding-defective TBK1 mutants led to TBK1 activation, whereas no activation was observed when these mutants were expressed at endogenous levels. In the latter expression regime, activation was only observed for scaffolding-competent variants when an upstream stimulus was applied to the cells (23) . Together, these findings support a model in which the tripartite arrangement of the KD, ULD, and SDD, observed for IKKβ and inferred for TBK1, lock these dimeric kinases in an "off" state until they are appropriately scaffolded and phosphorylated in response to specific stimuli. In fact, similar strategies of autoinhibition and localization of activity have been observed for other kinases, such as PKA, albeit via disparate molecular mechanisms (37, 38) . Structural analysis of the activated pS172-KD D135N suggests that TBK1 would likely prefer substrates in which a hydrophobic side chain immediately follows the residue being modified, as was previously reported (30) . Accordingly, many of the substrates phosphorylated by TBK1 in this study housed hydrophobic residues at the P+1 position, with leucine being the most prevalent. However, some peptide substrates containing leucine in the P+1 site were not phosphorylated by TBK1, whereas other seemingly nonideal side chains, including serine and even aspartic acid, appeared to be well-tolerated at this position. The weak TBK1 consensus sequence combined with the wide variety of substrates phosphorylated by TBK1 instead suggests a model of substrate selection that depends more on colocalization strategies than local sequence specificity of target sites.
Thus, we propose that both TBK1 activation and substrate specificity are likely driven by recruitment to discrete signaling complexes. In this way, different stimuli can exact specific downstream effects even though they each use TBK1 activity to mediate signaling. Recent systematic proteomic analyses of TBK1 interactions are consistent with this model of TBK1 regulation (21, 23) . Although these studies revealed a wide array of TBK1-binding partners, corroborating the growing body of literature that links TBK1 to a variety of discrete cellular pathways, TBK1 was found to form complexes with distinct scaffolding partners that were mutually exclusive and appeared to localize TBK1 to different subcellular compartments (23) . Given the ever-growing number of TBK1 interaction partners and substrates, localized kinase activation and substrate modification could be an effective strategy to limit TBK1 activity to a specific pathway. Insights gained from the BX795-bound TBK1 structures presented here may potentially aid the design of more selective TBK1 inhibitors, which would serve as important tools for further dissecting the intricacies of TBK1-mediated signaling events.
Methods
TBK1 variants were expressed in insect cells and purified to homogeneity. Dephosphorylated stocks were treated with phosphatase during purification whereas prephosphorylated stocks were incubated with ATP just prior to use.
